###### Strengths and limitations of this study

-   This study aims to evaluate whether pretreatment with transcutaneous electrical acupoint stimulation (TEAS) can prevent postoperative ileus (POI).

-   TEAS is a safe, non-invasive and easily accepted adjunctive intervention.

-   This study will provide deeper insights into the mechanism by which TEAS pretreatment reduces the inflammatory response.

-   This is a single-centre study, which is a potential limitation.

Introduction {#s1}
============

Postoperative ileus (POI) is a transient dysfunction of gastrointestinal (GI) propulsion that often occurs after abdominal surgery and may also occur after surgery at other sites.[@R1] The main symptoms of POI include abdominal pain and distention, nausea, vomiting, difficult defaecation and intolerance to solid food. POI is usually temporary, but if prolonged, may lead to surgical incision dehiscence, intestinal anastomotic fistula, abdominal cavity infection, intestinal ischaemia, aspiration pneumonia and other serious complications.[@R2] A retrospective cohort study involving nearly 500 hospitals in the USA showed that POI is a key reason for prolonged hospitalisation and increased medical costs for patients undergoing abdominal surgery.[@R1] The USA spends more than \$1.46 billion treating POI every year.[@R5] At present, the most common methods used to treat POI include rational perioperative use of narcotic drugs and opioids, eating as soon as possible after surgery, avoidance of nasogastric tubes after the operation, early ambulation, postoperative epidural analgesia, restriction of fluid intake, the use of minimally invasive surgery (such as laparoscopic), drug therapy and the use of chewing gum. Despite the numerous treatment strategies, POI remains a difficult clinical challenge that compromises the rapid recovery of postoperative patients. It is, therefore, necessary to find more effective, convenient and economical treatment methods.[@R6]

The main mechanism underlying POI may be activation of macrophages in the external muscular layer during the surgical procedure.[@R11] Intestinal manipulation during surgery can activate macrophages in the outer muscle layer of the small intestine, leading to release of inflammatory factors (interleukin-6 (IL-6), IL-1β) and the chemokine MIP-1α, together with increased expression of the adhesion molecule ICAM-1 on endothelial cells and induction of neutrophils and monocytes in the circulation into the small intestine muscle layer. These cells, and activated macrophages, can release a large amount of inducible nitric oxide synthase and prostaglandin, which inhibit the movement and contraction of the GI tract.[@R12] Transport of these inflammatory mediators in the bloodstream causes activation of macrophages in the distal GI tract, leading to POI over the entire intestinal tract.[@R14] It has been confirmed by a large number of animal experiments that reducing the inflammatory response is an effective way to treat POI.[@R15]

There is a long history in traditional Chinese medicine (TCM) of using acupuncture to treat functional GI diseases and, in recent years, there has been significant global interest in the beneficial effects of acupuncture on POI. The positive effect of electroacupuncture (EA) on POI has been clearly demonstrated. Ng *et al* used EA to treat POI in patients undergoing laparoscopic colon surgery.[@R18] Defaecation time and length of hospital stay were significantly shortened in patients who received EA compared with those who did not receive the treatment. In patients undergoing hepatic resection, You *et al* found a significant reduction in the incidence of POI in patients treated with a combination of acupuncture and Chinese herbal medicine. The length of hospitalisation was also significantly shortened in the treated group (14.0±4.9 days vs 16.5±6.8 days, p=0.014).[@R19]

In the previous studies, we proved that pretreatment with acupuncture could reduce excessive activation of the innate immune system and inhibit the inflammatory response. This effect may be achieved by activation of the vagal nervous system.[@R20] Other studies have shown that transcutaneous electrical acupoint stimulation (TEAS) and EA have similar effects in the treatment of pain and alleviating the inflammatory response.[@R22]

TCM holds that the best treatment for disease is prevention. Based on all of the above studies, we hypothesise that the use of TEAS as a preoperative treatment may reduce the incidence of POI. There have, so far, not been any studies that address this question.

We have, therefore, designed a randomised controlled trial to investigate whether pretreatment with TEAS can reduce the incidence of POI in patients undergoing laparoscopic colon resection. The study is also designed to verify that the anti-inflammatory effect is associated with the immunomodulatory function of TEAS.

Methods and analysis {#s2}
====================

Study objective {#s2-1}
---------------

The primary objective is to assess the effect of TEAS on clinical recovery of bowel function after laparoscopic colon surgery. The secondary objective is to verify that suppression of overactivation of the innate immune system and reduction of the inflammatory response are the mechanisms underlying the ability of pretreatment of percutaneous acupuncture to prevent POI.

Study location {#s2-2}
--------------

A prospective, single-centre, double-blinded, randomised controlled trial will be conducted at Shuguang Hospital, which is affiliated to the Shanghai University of Traditional Chinese Medicine, China.

Study population {#s2-3}
----------------

Participants will be recruited according to the inclusion and exclusion criteria.

Inclusion criteria:

1.  Male and female patients aged 18--75 years.

2.  Patients undergoing elective laparoscopic colonic surgery and upper rectal resection (such as left collect, right colectomy and anterior resection of the upper part of the rectum and lower part of the sigmoid).

3.  Body mass index 18--31 kg/m^2^.

4.  ASA classification I--III.

5.  Patients provide signed informed consent (the consent form can be viewed in [online supplementary appendix 1](#SP1){ref-type="supplementary-material"}).
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Exclusion criteria:

1.  Middle and lower rectal resection, total/proctocolectomy or the need for complex endoscopic surgery.

2.  Need for abdominal wall fistula, GI fistula, fistula surgery or stoma creation.

3.  History of abdominal/pelvic operations or complications.

4.  Patients receiving epidural anaesthesia or epidural analgesia.

5.  Patients with skin infections, surgical incision or scar at the point of application of acupuncture.

6.  Patients have a history of limb surgery, spinal surgery or nerve injury.

7.  Patients who participated in other clinical trials, or received other acupuncture therapy, in the previous 4 weeks.

8.  Patients with cardiac pacemakers.

9.  Patients have one of the following conditions before surgery: chronic pain, drug addiction or alcohol dependence.

10. Patients with preoperative combination of severe central nervous system disease and severe mental illness.

Endpoints {#s3}
=========

Primary endpoint {#s3-1}
----------------

First defaecation time (h), that is, time to first anal defaecation after laparoscopic surgery.

Secondary endpoints {#s3-2}
-------------------

Time to first flatus (h), time to tolerance of solid oral diet (h), GI-2 (composite outcome of time to first defaecation and time to tolerance of oral diet), time to walk independently (h), length of hospital stay, defined as the number of days from operation to discharge (d). Criteria for hospital discharge include stability of vital signs with no fever, achievement of flatus or defaecation, ability to tolerate solid food without vomiting, control of postoperative pain, absence of other postoperative complications and ability to function at home independently or with home care provided. Pain will be assessed using the Visual Analogue Scale (VAS) on postoperative days 1, 2 and 3 (scale of 0 to 10, where 0 represents complete absence of pain and 10 represents the worst pain intensity). Postoperative requirements for analgesia will also be assessed. Inflammatory mediators (interferon-β (IFN-β), IFN-γ, interleukin-6 (IL-6) and IL-1β) in blood will be measured before TEAS/STEAS intervention and on days 1, 3 and 5 after the operation. Postoperative complications will be recorded using the Clavien-Dindo classification for complication assessment.[@R24] The follow-up period will be at least 6 months.

We add GI-2 as a secondary outcome to the original protocol after recruitment of the study had already begun. GI-2 is a time indicator, which will be calculated from two existing outcomes (time to first defaecation and time to tolerance of oral diet). There will be no harm to subjects, no additional cost and no more work.

Randomisation and blinding {#s3-3}
--------------------------

Patients will be randomised to receive either TEAS or STEAS by stratified randomisation according to sex, in a 1:1 ratio ([figure 1](#F1){ref-type="fig"}). Using a computer-generated random sequence, a sealed envelope will be opened to determine to which group the patient has been assigned. The acupuncturist will be aware of the treatment group. Patients, as well as the outcome investigator (nurse anaesthetist), will be blinded to the treatment allocation.

![Flowchart of the study protocol.](bmjopen-2019-030694f01){#F1}

Current sample size justification {#s3-4}
---------------------------------

According to Wang Jian and Song Jiangang's preliminary study of TEAS pretreatment for prevention of POI in patients undergoing laparoscopic colon surgery in Shuguang Hospital, the mean time to first defaecation following laparoscopic colon surgery was 62±19 hours (M±SD). Working on the assumption that a clinically meaningful difference in mean time to first defaecation between the TEAS and STEAS groups is 1 day or 24 hours, 66 patients would be needed in each group to reach a power of 80% and a 5% type I error rate. If the dropout rate is 10%, a total sample size of 146 patients for the two groups is needed for this study.

Statistical analysis {#s3-5}
--------------------

Data for continuous variables (ie, first defaecation time, first passage of flatus, time to tolerance of oral diet, time to walking independently, length of hospital stay) will be reported using the mean and SD (M±SD) for normally distributed data or median (range) for skewed data. Data for categorical variables will be expressed as a number (percentage). Intergroup differences will be assessed using the Student's t-test or Mann-Whitney U test. Intergroup differences in inflammatory mediators (at time points of pre-TEAS/STEAS treatment, and on postoperative days 1, 3 and 5) were assessed by two-way repeated measures analysis of variance with Bonferroni post hoc test. The significance level will be set at 5%. All data will be analysed using SPSS V.17.0 software or other appropriate statistical software packages.

Pretreatment {#s3-6}
------------

Patients randomised to the TEAS and STEAS groups will undergo two treatment sessions daily for three consecutive days before surgery. The patients will then be treated for a final time 30 min before anaesthesia.

For patients in the TEAS group, the Zusanli (ST-36), Shangjuxu (ST-37), Hegu (LI-4) and Neiguan (P-6) acupoints will be identified before electrical stimulation with surface electrodes ([figure 2](#F2){ref-type="fig"}). Selection of these acupoints is based on a consensus between the acupuncturists carrying out the study. The acupuncturist will stimulate these acupoints using a Han's acupoint nerve stimulator (HANS200A, Nanjing Jisheng Medical Technology, Nanjing, China) at a frequency of 100 Hz. The intensity will be adjusted for each individual to maintain a slight twitching of the regional muscle and achieve De-Qi sensations, such as soreness, numbness, distention and heaviness. The STEAS group will receive a strong, but comfortable current for 30 s, and the current will then gradually vanish over the next 15 s.[@R25] The participants of both groups will be told that they are receiving current stimulation. Each session of acupoints treatment will last for 30 min. During the application of TEAS, patients will be required not to change the current settings themselves. A prompt beep at the end of TEAS will indicate the end of treatment.

![Acupoints selected in this trial: (A) Hegu (IL-4) and Neiguan (P-6); (B) Zusanli (ST-36) and Shangjuxu (ST-37); (C) Han's acupoint nerve stimulator.](bmjopen-2019-030694f02){#F2}

All surgery will be carried out under general anaesthesia using standardised anaesthetic procedures. Patients will be fasted for 12 hours before surgery. Right upper extremity venous access will be established before the patients entering the operating theatre. Ringer's lactate solution (8 mL/kg) will be administered by intravenous infusion for compensatory expansion before induction of anaesthesia. Patients will then receive midazolam (0.04 mg/kg), fentanyl (3 µg/kg), vecuronium bromide (0.1 mg/kg) and propofol (1.5--2.0 mg/kg) intravenously for induction of anaesthesia. Anaesthesia will be maintained using a CP-600 anaesthesia delivery system (Slgo Medical Technology, Beijing, China). The dose of propofol will be adjusted to maintain the bispectral index in the range of 40--60. After surgery, all patients will remain in the post-anaesthesia care unit and then return to the ward for recovery until discharge.

The perioperative management of all patients will be standardised. Early ambulation will be encouraged and oral feeding will be resumed as early as possible. All patients will be followed up for at least 6 months after discharge from the hospital.

Adverse events {#s3-7}
--------------

All adverse reactions will be closely monitored through spontaneous reports by patients or direct observation by clinicians, or by asking the patients about adverse events using open questions. All adverse reactions will be recorded and appropriate treatment will be provided if necessary. Serious adverse events will be reported to the ethics committee.

Data collection and management {#s3-8}
------------------------------

Demographic variables and clinical data will be collected from all patients. During the study, blood pressure, heart rate and oxygen saturation will also be monitored. Any adverse events will be recorded. Data will be collected throughout the study and will be securely managed under conditions of confidentiality. Data collection will be performed by a nurse anaesthetist. The participants will be referred to by their participant number rather than by their name throughout the study, unless otherwise specified. All relevant documents and files will be archived for 5 years. The data will be accessible only by investigators who sign the confidential disclosure agreement and by institutional or governmental auditors during the study. Data without patient identifiers will be publicly accessible after the study. Data collection and management will be monitored by the Institutional Ethics Committee for Clinical Research of Shuguang Hospital.

Patient and public involvement {#s3-9}
------------------------------

This study is currently in the recruitment phase. Patients and/or the public were not involved in study design or conduct of the study. The participants will be able to access the study results through social media.

Discussion {#s4}
==========

POI continues to represent an important cause of morbidity after colon surgery. The prevention of POI is thus of great importance in reducing perioperative complications and reducing hospitalisation costs. Although it has been shown that EA can shorten the duration of POI,[@R18] the effectiveness of TEAS, which is a similar technique, in preventing POI has not been investigated. It is, therefore, important to assess the effectiveness of TEAS in preventing POI through a clinical study.

This study has several strengths. First, the intervention strategy of the protocol will be pretreatment with TEAS. Previous studies have shown that pretreatment has a prophylactic effect. For example, pretreatment with TEAS has been shown to improve pain treatment[@R26] and to improve resuscitation after anaesthesia, with reduction of postoperative nausea and vomiting.[@R28] It is, however, unclear whether preoperative TEAS can prevent POI. Studies suggest that early preoperative intervention may be more beneficial in regulating physiological functions and preventing POI.[@R29] In an extension to these findings, the present study will help to determine whether TEAS pretreatment could improvement POI.

Second, the effectiveness of TEAS will be evaluated by assessing clinical function and by serological examination. In this randomised controlled trial of patients undergoing laparoscopic colorectal surgery, our aim is to assess the effects of preoperative TEAS on POI using relevant clinical parameters associated with bowel function. These include time to first defaecation, time to first flatus, time to tolerance of oral diet and GI-2. Importantly, we will also measure serum concentrations of inflammatory mediators associated with POI, such as IFN-β, IFN-γ, IL-6 and IL-1β. Our findings may, thus, provide deeper insights into the mechanisms by which TEAS improves POI.

There are also limitations to this protocol. Various clinical indicators have been used in studies for the diagnosis of POI, but there is no consensus on which clinical parameter is the best for assessment of GI transit.[@R9] Two indicators that are widely used to assess bowel movement will be used in this study. Time to first defaecation will be the primary outcome and time to first flatus will be one of the secondary outcomes. There is a possibility that we may observe conflicting results (ie, significant improvement in time to flatus, but not defaecation). Because flatus can vary considerably between patients, clinical trials support the time to tolerance of oral diet and GI-2 (defined as the later of the following two events: time to first tolerance of solid food and time to first bowel movement) as supplementary secondary outcomes to measure the recovery time of GI function and these will be used in this study.[@R32] Other limitations of these indicators are that they require objective measurement of motility and are time consuming to measure.[@R34] Recently, this situation has been improved by the use of in vivo monitoring techniques to assess the function of GI movements. Innovative devices, such as Sitz markers, have been used to evaluate postoperative recovery of small bowel movement by counting the number of Sitz markers that did not pass through the ileocecal valve, but remained in the small intestine using radiography.[@R36] The SmartPill is a swallowable device that record parameters within the GI tract. Indicators, such as pH, temperature and intracavitary pressure, can be collected to analyse GI transit times in vivo.[@R37] These devices acquire objective parameters to evaluate bowel movement and could save time. Research into the satisfaction of both doctors and patients with these device needs to be carried out. Furthermore, this study is a single-centre trial and, because the therapeutic effect of TEAS may be affected by ethnicity and region, it will be necessary to conduct multicentre and large sample studies in the future.

Notwithstanding its limitations, this study can clearly indicate the overall effects of TEAS on postoperative recovery. We hypothesise that pretreatment with TEAS could improve recovery of GI function in patients undergoing laparoscopic surgery. If this study provides positive results, it will be possible to recommend this pretreatment strategy for patients undergoing abdominal surgery. Relevant cost-effectiveness studies are also worthy of consideration.
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